They discuss the role of structural order-disorder that favors the self-trapping of electrons and charge transference, as well as a model to elucidate the mechanism that triggers photoluminescence. In this model the wide band model, the most important events occur before excitation. They also reported room temperature photoluminescence of Ba 0.8 Ca 0.2 TiO 3 powders prepared by complex polymerization method [18] . Inherent defects, linked to structural disorder, facilitate the photoluminescence emission. The photoluminescent emission peak maximum was around of 533 nm (2.33 eV) for the Ba 0.8 Ca 0.2 TiO 3 . The photoluminescence process and the band emission energy photon showed dependence of both the structural order-disorder and the thermal treatment history. Intense and broad photoluminescence (PL) emission at room temperature was observed on structurally disordered Ba(Zr 0. 25 Ti 0.75 )O 3 (BZT) and Ca(Zr 0.05 Ti 0.95 )O 3 (CZT) powders synthesized by the polymeric precursor method [19, 20] . The theoretical calculations and experimental measurements of ultraviolet-visible absorption spectroscopy indicate that the presence of intermediary energy levels in the band gap is favorable for the intense and broad PL emission at room temperature in disordered BZT and CZT powders. The PL behavior is probably due the existence of a charge gradient on the disordered structure, denoted by means of a charge transfer process from [TiO 5 ]- [ZrO 6 ] or [TiO 6 ]-[ZrO 5 ] clusters to [TiO 6 ]-[ZrO 6 ] clusters. Similar photoluminescence behavior was also observed in disordered MgTiO 3 and Mndoped BaTiO 3 powders [21, 22] . The experimental and theoretical results indicated that PL is related with the degree of disorder in the powders and also suggests the presence of localized states in the disordered structure. Blue-green and red photoluminescence (PL) emission in structurally disordered CaTiO 3 :Sm powders was observed at room temperature with laser excitation at 350.7 nm [23] . The generation of the broad PL band is related to order-disorder degree in the perovskitelike structure. The photoluminescence from SrZrO 3 and SrTiO 3 crystalline, quasi-crystalline, and quasiamorphous samples, prepared by the polymeric precursor method, was examined by ab initio quantum mechanical calculations [24] . It was used in the modeling the structural model consisting of one pyramidal TiO 5 or ZrO 5 unit piled upon the TiO 6 or ZrO 6 , which are representative of disordered structures of quasi-crystalline structures such as ST and SZ. In quasi-crystalline powders, the photoluminescence in the visible region showed different peak positions and intensities in SZ and ST. The PL emission was linked to distinct distortions in perovskite lattices and the emission of two colors-violet-blue in SZ and green in ST-was also examined in the light of favorable structural and electronic conditions. First principles calculations on the origin of violet-blue and green light photoluminescence emission in SrZrO 3 and SrTiO 3 perovskites Ma, et al. studied synthesis and luminescence of undoped and Eu 3+ -activated Aurivilliustype Bi 3 TiNbO 9 (BTNO) nanophosphors by sol-gel combustion method [25] . Photoluminescence measurements indicated that a broad blue emission was detected for BTNO nanoparticles, and the characteristic Eu 3+ ions 5 D 0 → 7 F J (J=1-4) transitions were observed for the doped samples. Further investigation illuminates that the Eu 3+ ions substituted for Bi 3+ ions at A site in the pseudo-perovskite layers. It can be confirmed from high bright fluorescence image and short decay time that the novel orange-red phosphor has the potential applications in luminescence devices.
Photoluminescence in ferroelectric nanowires, nanotubes, and nanosheets
Gu, et al. reported characterization of single-crystalline lead titanate nanowires using photoluminescence spectroscopy, and ultraviolet-visible spectroscopy [26, 27] . The nanowires were synthesized by surfactant-free hydrothermal method at 200 o C. The nanowires with uniform diameters of about 12 nm and lengths up to 5 um, exhibit a tetragonal perovskite structure without impurity phases. A blue emission centered at about 471 nm (2.63 eV) is observed at room temperature. Oxygen vacancies are believed to be responsible for the luminescence in the PbTiO 3 nanowires. Chen, et al. prepared ferroelectric PbHPO 4 nanowires by a hydrothermal method at 180 °C for 24 h using a single-source precursor, Pb(II)−IP6 (IP6, inositol hexakisphosphate acid) complex [28] . PL measurements indicate that the nanowires exhibit a broad emission peak at 460 nm under the excitation of 375 nm. Yang et al. reported synthesis of high-aspect-ratio PbTiO 3 nanotube arrays by the hydrothermal method [29] . The PbTiO 3 nanotube arrays have a tetragonal perovskite structure without any other impurity phases. A strong green emission band centered at 550 nm (2.25 eV) was observed in PbTiO 3 nanotube arrays at room temperature. Local defects in PbTiO 3 nanotube arrays were thought to result in the photoluminescence behavior. PbTiO 3 nanotube arrays have also been synthesized via sol-gel template method. These nanotubes have a diameter about 300 nm and a length 50 um, with a wall thickness of typically several tens of nanometers. The as-prepared PTO nanotubes possess polycrystalline perovskite structure. An intense and wide emission band centered at 505 nm was observed [30] . The photoluminescence of PTO nanotubes was attributed to the radiative recombination between trapped electrons and trapped holes in localized tail states due to structural disorder and gap states due to a large amount of surface defects and oxygen vacancies. Ida, et al. successfully prepared layered perovskite SrBi 2 Ta 2 O 9 nanosheets with a thickness of about 1.3 nm. The nanosheets showed visible blue luminescence under excitation at 285 nm at room temperature [31] . The luminescence property of the nanosheets was found to be largely sensitive to the change in the surface environment such as adsorption of H+ and/or OH-.
Photoluminescence properties of (Bi, Ln) 4 Ti 3 O 12 thin films
As is known, lanthanide doped bismuth titanate thin films are the most promising candidate materials for ferroelectric nonvolatile random access memory applications due to their superior properties such as nonvolatility, long retention time, high fatigue resistance. Recently, photoluminescence properties originated from some rare earth ions in these kinds of the thin film materials have attracted much attention for possible integrated photoluminescent ferroelectric thin film devices. [2] . In addition, good chemical stability of perovskite-like layer makes oxygen vacancies difficultly generate, also contributing the good polarization fatigue-free properties [32] . Due to the layered perovskite structure, Bi 4-x Ln x Ti 3 O 12 exhibits strong anisotropic electrical properties, because the vector of the spontaneous polarization in the layered perovskite materials is almost along a axis. Therefore, the anisotropic electrical properties of Bi 4-x Ln x Ti 3 O 12 have been widely studied [33] [34] [35] . On the other hand, BLnT thin films also show excellent optical properties. For example, Bi 3.25 La 0.75 Ti 3 O 12 thin films exhibited remarkable optical nonlinearity [10] , and (Bi, Eu) 4 Ti 3 O 12 thin films showed red photoluminescence (PL) properties of Eu 3+ ions [36, 37] . The photoluminescence properties of BLnT thin films might have potential applications for integrated photoluminescent ferroelectric thin film devices. As mentioned before, some of BLnT thin films, e.g. (Bi,Nd) 4 Ti 3 O 12 , have also been reported to exhibit excellent optical properties such as large optical nonlinearity, high optical transparency in the visible wavelength region, which are attractive for the potential uses in optic and optoelectronic devices. Some rare earth elements such as Eu, Pr, Er in BLnT thin films can, on the one hand, act as a structural modifier which greatly improves the electrical properties of BLnT thin films, on the other hand, these rare earth elements can also act as the activator ions of luminescent materials [36, 37] ( BEuT) thin films on indium-tin-oxide (ITO)-coated glass substrates, and studied their photoluminescent properties as well as ferroelectric properties [36, 37] . The BEuT thin films prepared by chemical solution deposition had a polycrystalline bismuth-layered perovskite structure. Excellent optical transmittance of the BEuT thin films was confirmed as shown in Fig. 1 [36] . Figure 2 shows emission and excitation spectra of BEuT (x=0.85) thin films annealed at different temperatures [36] . The excitation spectra were monitored at 617 nm and the emission spectra were observed by excitation at 350 nm. Photoluminescence spectra of the thin films included two strong peaks which originated from two transitions of 5 D 0 → 7 F 1 (594 nm) and 5 D 0 → 7 F 2 (617 nm) of levels of Eu 3+ ions [38, 39] . The emission peak intensities of the two transitions increase with increasing annealing temperature, due to improved crystallinity of the thin films, resulting in higher oscillating strengths for optical transitions [40, 41] . At higher temperature, Eu 3+ ions can arrive at real lattice sites more easily, thus this leads to enhanced activation of Eu 3+ ions [42] . Investigation to the effect of Eu 3+ concentrations (x=0.25, 0.40, 0.55, 0.70, and 0.85, respectively) on the photoluminescence properties of BEuT thin films indicates that there is an unusual composition quenching effect of photoluminescence as shown in Fig.3 [43, 44] . It was suggested that in these layered perovskite luminescent powder materials, the energy transfer was restricted in the Eu 3+ sublattices. Similarly, in our case, BEuT has a bismuth layer perovskite structure, and the Eu 3+ ions in BEuT thin films are mainly substituting for the Bi 3+ ions in (Bi 2-x Eu x Ti 3 O 10 ) 2-perovskite-like layers rather than in (Bi 2 O 2 ) 2+ layers, therefore, the energy transfer might occur in the nearby Eu 3+ ions in the perovskite-like layers, thus resulting in the unusual concentration quenching of BEuT thin films. When the concentration of Eu 3+ ions exceeds the critical value, the radiative centers increase with increasing doping amount of Eu 3+ ions, however, at the same time the quenching centers also increase, this would lead to increase of the non-radiative rate, consequently, the PL intensity decreases. (2008) Electrical measurements indicated that the BEuT thin films also showed ferroelectric properties comparable to those of BEuT thin films deposited on Pt/Ti/SiO 2 /Si substrates annealed at the same temperature for 1 h [45] . High fatigue resistance was also observed after 10 10 switching cycles. For most BLnT thin films, the doping amount of rare ions about 0.85 results in better electrical properties of the thin films [4, 46, 47] . However, the quenching concentration x of Bi 4-x Eu x Ti 3 O 12 thin films is about 0.40, which is much lower than 0.85. In order to obtain the BLnT thin films with both good electrical and photoluminescent properties at the same time, we proposed to prepare Eu-and Gd-codoped bismuth titanate (Bi 3.15 Eu 0.425 Gd 0.425 Ti 3 O 12 , BEGT) thin films with both Eu 3+ and Gd 3+ doping amounts being 0.425, giving a total doping amount of rare earth ions of 0.85. It was expected that, on the one hand, the BEGT thin films might exhibit good photoluminescent properties since Eu 3+ doping amount of 0.425 in the thin films is close to the quenching concentration about 0.40 of BEuT thin films, on the other hand, the BEGT thin films might also show good electrical properties comparable to those of BEuT thin films and of BGdT thin films because total doping amount of rare earth ions is maintained to be 0.85 in the thin films. Figure 7 shows the emission www.intechopen.com spectra of BEGT and BEuT thin films under 350 nm exciting wavelength [37] . The enhancement of emission intensities for two Eu 3+ emission transitions of 5 (2008) In addition, the BEGT thin films had larger remanent polarization and higher dielectric constant than BGdT and BEuT thin films prepared under the same experimental conditions. Therefore, co-doping of rare earth ions such as Eu and Gd in bismuth titanate thin films is an effective way to improve photoluminescence and electrical properties of the thin films. As mentioned before, the bismuth layered perovskite structure BLnT exhibits strong structural anisotropy, which results in strong crystallographic orientation dependence of ferroelectric properties. Many studies indicate that c-axis-oriented (001) epitaxial (Bi,La) 4 Ti 3 O 12 , (Bi,Nd) 4 Ti 3 O 12 thin films exhibit a very low remanent polarization along the film normal, because the vector of the spontaneous polarization in the layered perovskite materials is almost along a axis. Therefore, it is of interest to know whether there is similar orientation dependence of PL properties of BEuT thin films [48] . (2008) The BEuT thin films were prepared on STO (100) and STO (111) substrates by using chemical solution deposition, and the effects of Eu ion concentration and crystallographic orientation on photoluminescent property of the thin films were investigated. The BEuT thin films prepared on STO (100) substrates grew with high c axis orientation due to very small film/substrate lattice mismatch, whereas BEuT thin films prepared on STO (111) substrates crystallized with random orientation. Figure 5 shows the PL emission spectra of Bi 4- x Eu x Ti 3 O 12 thin films with different Eu ion concentrations on STO (100) substrates [48] . From  Fig. 5 , it can be observed that the PL intensity is obviously related to the doping amount of Eu 3+ ions. The maximum PL intensity was obtained for the BEuT thin films with Eu 3+ www.intechopen.com concentration of x=0.55. It is worth noting that the quenching concentration of BEuT thin films prepared on STO (100) substrates is higher than that (x=0.4) for the thin films on ITOcoated glass. This may be ascribed to effects of the crystal orientation of BEuT thin films. The BEuT thin films prepared on STO (100) substrates show high c axis orientation, while BEuT thin films on ITO-coated glass and quartz substrates exhibit random orientation. For randomly oriented thin films, more non-radiative defects existed in the grain boundaries, resulting in decrease of quenching concentration. [50] . Figure 7 shows emission spectra of (a) the nanocomposite film composed of BEuT matrix and highly c-axis oriented ZnO nanorods and (b) the BEuT thin film [50] . The excitation wavelength is chosen as 350 nm, as the internal band excitation is more efficient than the intrinsic excitation of Eu 3+ in BEuT host. Compared with individual BEuT thin film, the nanocomposite film of BEuT matrix and ZnO nanorods exhibits much more intense emissions centered at 594 nm and 617 nm from Eu 3+ ions. The emission intensities are about 10 times stronger than those for individual BEuT thin film. At the same time, in the emission spectrum, a sharp UV emission at about 380 nm and a broad band emission centered at 525 nm are also observed. The former can be attributed to near band edge emission of ZnO, and the latter is commonly believed to originate from defect-related deep-level emission in ZnO, such as the radiative recombination of photo-generated holes with electrons occupying the oxygen vacancies. By comparing the emission spectrum of the nanocomposite film composed of BEuT matrix and highly c-axis oriented ZnO nanorods and excitation spectrum of the BEuT thin film, it was found that there are two spectral overlaps between the emission bands of ZnO nanorods and the absorption bands of Eu 3+ ions in BEuT. One is located between sharp UV emission at 380 nm of ZnO and transition of 7 [53] . For nonradiative energy transfer, the distance between the emission and absorption centers must be very close [51] . Therefore, in Eu 3+ -doped ZnO materials the energy transfer is nonradiative energy transfer [54, 55] . However, in our nanocomposite films, the energy transfer should be a radiative energy transfer because the BEuT matrix can only contact with the outside part of the ZnO nanorods. It has been reported that in some other materials with Eu 3+ as activators combined with ZnO quantum dots or ZnO thin films the energy transfer is radiative energy transfer [51, 56] . Figure 8 shows photoluminescence spectra of BPT thin films with different Pr 3+ contents [58] . It can be observed that under the 350 nm UV excitation, the emission spectra include three peaks at around 493, 533 and 612 nm, which can be assigned to the transitions of 3 P 0 → 3 H 4 , 3 P 0 → 3 H 5 , and 1 D 2 → 3 H 4 of Pr 3+ ions, respectively. As Pr 3+ ion content increases, the intensities of the blue-green (493 nm) emissions increase first, and then decrease. When Pr 3+ ion content is 0.09, the blue-green emission reaches maximum, indicating that the quenching concentration of the blue-green emission is 0.09. We note that the red emission (612 nm) has been relatively weak for all Pr doping contents except Pr doping content of 0.01. This is very different from that of Pr 3+ doped SrTiO 3 and CaTiO 3 thin films in which the red emission is strongest whereas the blue-green emission is very weak [59, 60] . This is because the photoluminescence properties of Pr 3+ are sensitive to host lattice symmetry. There is obvious difference of host lattice between Pr doped titanate with simple perovskite structure and BPLT with bismuth layered perovskite structure. It has been reported that, in Pr 3+ doped CaSnO 3 perovskite with an orthorhombic symmetry, the emission from 3 P 0 to 3 H 4 (bluegreen) is dominant over 1 D 2 to 3 H 4 red emission [61] . Okumura and coworkers confirmed that the 3 P 0 → 3 H 4 transition (blue-green) in R 2 O 3 :Pr 3+ (R=Y, La and Gd) became dominant instead of 1 D 2 → 3 H 4 transition (red) when the crystal structure was distorted from cubic to monoclinic [62] . Besides the difference of their crystal structures, local structure or site symmetry of Pr ions should have a large influence on photoluminescence properties. As is known, BIT layered perovskite has a monoclinic symmetry below Tc, but it can be represented as orthorhombic with the c-axis perpendicular to the (Bi 2 O 2 ) 2+ layers. In BIT, a perovskite-like (Bi 2 Ti 3 O 10 ) 2− layer consists of three layers of TiO 6 octahedra, where Bi ions occupy the spaces in the framework of TiO 6 octahedra, and rare earth ions only substituted Bi 3+ ions at (Bi 2 Ti 3 O 10 ) 2-perovskite layers. Owing to different lattice structures of BPT from ATiO 3 (A=Sr, Ca), BPT exhibits different photoluminescent properties. Since the transition from 3 P 0 to 3 H 4 is spin-allowed, it is understandable that the blue-green emission is dominant in the BPT thin films. In order to improve the photolumincesence and ferroelectric properties, we fixed the Pr content at 0.09, and then added different content La ions into PBT thin films. Figure 9 shows photoluminescence spectra of BPLT-x thin films with various La contents [58] . Under the 350 nm UV excitation, the BPLT-x thin films also exhibit a strong blue-green emission peak at 493 nm, together with the other two weaker emission peaks at 533 nm and 612 nm, respectively. As can be seen, the peaks of emission spectra are similar for all the thin films, but their emission intensities vary with the La content. When La content x is 0.36, the emission reaches maximum. To understand the photoluminescence process in BPLT thin films excited under UV light, the excitation spectra by monitoring the emission at 493 nm and the transmission spectra of BPLT thin films were measured as shown in Fig.10 [58] . From Fig. 10 (a) , it was observed that Pr doping or Pr-La codoping does not obviously influence the absorption spectra except the intensity of the broad band at around 350 nm. Meanwhile, the transmission spectra indicate that all the thin films with different La doping contents show a sharp absorption edge at around 350 nm as shown in Fig. 10 (b) . The results showed that there is good agreement between excitation peak and absorption edge. This implies the possibility that the excitation energy from a UV light is first absorbed by the host lattice through the interband transition, and then the absorbed energy transfers from the host lattice to the activator Pr 3+ ions. The polarization-electric field (P-E) hysteresis loops of the BPLT-x thin films deposited on Pt/TiO 2 /SiO 2 /Si substrates are measured. At an applied electric field of about 400 kV/cm, the remanent polarization (Pr) and coercive field (Ec) values of BPT and BPLT-0.36 films are 6.9 C/cm 2 , 147.3 kV/cm, and 19.8 C/cm 2 , 115.6 kV/cm, respectively. Obviously, the La 3+ substitution raised Pr value of the BPT thin film from 6.9 to 19.8 C/cm 2 , and, at the same time, reduced the Ec value. The polarization enhancement by La 3+ substitution can be attributed to crystallization improvement of the thin films which has been confirmed by XRD and SEM. In addition, better crystallinity can also result in strong photoluminescence due to higher oscillating strengths for the optical transitions [41] .
Crystal structure of lanthanide doped bismuth titanate thin films

(Bi, Er) 4 Ti 3 O 12 luminescent ferroelectric thin films
As described before, BiT doped with Eu 3+ or Pr 3+ ions showed photoluminescence properties. However, they are only frequency down-conversion photoluminescence, upconversion photoluminescence in BiT based thin films is also worth studying. As is known, Er 3+ /Yb 3+ co-doped materials have been recognized as one of the most efficient systems for obtaining frequency up-conversion photoluminescence due to the efficient energy transfer from Yb 3+ to Er 3+ ions pumped by 980 nm [63, 64] , in which Er 3+ ions acted as luminescence centers and Yb 3+ ions as sensitizers. On the other hand, considering the lattice structure of BiT, Er 3+ /Yb 3+ ions can be accommodated in well defined sites of BiT lattice by substituting for Bi 3+ ions without the need of charge compensation. Therefore, it is of much interest to study up-conversion luminescence properties of Er 3+ /Yb 3+ co-doped BiT thin films [65] . Figure 11 shows the up-conversion luminescence spectra for the BErT and BYET thin films under a 980 nm laser excitation at room temperature [65] . As can be seen from Fig.11 [73] . The thin films also show strong red luminescence. It was found that the substrate properties such as optical absorbance and thermal conductivity affected the crystal growth and the PL emission of the thin films in the excimer laser assisted metal organic deposition process. Takashima, et al. observed intense red photoluminescence under ultraviolet excitation in epitaxial Pr-doped Ca 0.6 Sr 0.4 TiO 3 perovskite thin films prepared on SrTiO 3 (100) substrates by pulsed laser deposition [74] . The observed sharp PL peak centered at 610 nm was assigned to the transition of Pr 3+ ions from the 1 D 2 state to the 3 H 4 state. It was suggested that the UV energy absorbed by the host lattice was transferred to the Pr ions, leading to the red luminescence. Rho, et al. prepared SrTiO 3 thin films by rf-sputtering and studied the photoluminescence of the thin films after postannealing treatments [75] . The remarkable room temperature PL effects observed are contributed to both metastable and energetically stabilized defect states formed inside the band gap. Moreira, et al. [76] studied photoluminescence of barium titanate and barium zirconate in multilayer disordered thin films at room temperature. The thin films were prepared by spincoating and annealed at 350, 450, and 550 o C for 2 h. It was observed that the wide band www.intechopen.com emission showed a synergic effect on barium zirconate and barium titanate thin layers in alternate multilayer system at room temperature by 488 nm excitation. Visible and intense photoluminescence was governed by BaZrO 3 thin films in the multilayer system. A disordered model was used to explained photoluminescence emission results of these multilayered systems.
Cavalcante, et al. [77] investigated the photoluminescent behavior of Ba(Ti 0.75 Zr 0.25 )O 3 (BTZ) thin films experimentally and theoretically. The thin films were prepared by the polymeric precursor method. They suggested that the presence of localized electronic levels and a charge gradient in the band gap due to a symmetry breaking, be responsible for the PL in disordered BTZ lattice. Ueda, et al. [78] studied photoluminescence from epitaxial perovskite-type alkaline-earth stannate thin films. The epitaxial calcium and strontium stannate films with perovskite or its related structure were fabricated by pulsed laser deposition method. The highly transparent films in the visible region showed intense luminescence of several colors under ultraviolet excitation.
Conclusion
Photoluminescence in low-dimensional oxide ferroelectric materials is of much interest. Lanthanide-doped Bi 4 Ti 3 O 12 thin films are promising photoluminescence ferroelectric materials. Co-doping of rare earth ions such as Eu/Gd, Pr/La, Er/Yb in bismuth titanate thin films is found to be an effective way to improve photoluminescence and electrical properties of the thin films. In addition, constructing nanocomposite thin films composed of ferroelectric Bi 3.6 Eu 0.4 Ti 3 O 12 matrix and highly c-axis oriented ZnO nanorods can effectively enhance photoluminescent properties of Eu 3+ ions. Our own studies suggest that rare earth doped Bi 4 Ti 3 O 12 thin films can be considered as a promising multifunctional material which can find applications in integrated multifunctional ferroelectric devices as well as in optoelectronic devices. Further research should be focused on understanding the physical mechanism of photoluminescence in low-dimensional oxide ferroelectric materials.
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